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In this paper we consider a model of Poincare´ gauge theory (PGT) in which a translational gauge
field and a Lorentz gauge field are actually identified with the Einstein’s gravitational field and a
pair of “Yang-Mills” field and its partner, respectively. In this model we re-derive some special
solutions and take up one of them. The solution represents a “Yang-Mills” field without its partner
field and the Reissner-Nordstro¨m type spacetime, which are generated by a PGT-gauge charge and
its mass. It is main purpose of this paper to investigate the interaction of massless Dirac fields
with those fields. As a result, we find an interesting fact that the left-handed massless Dirac fields
behave in the different manner from the right-handed ones. This can be explained as to be caused
by the direct interaction of Dirac fields with the “Yang-Mills” field. Accordingly, the phenomenon
can not happen in the behavior of the neutrino waves in ordinary Reissner-Nordstro¨m geometry.
The difference between left- and right-handed effects is calculated quantitatively, considering the
scattering problems of the massless Dirac fields by our Reissner-Nordstro¨m type black-hole.
04.50.+h, 04.25.Nx
I. INTRODUCTION
Poincare´ gauge theory was first founded by Utiyama [1] and Kibble [2], and later developed by Hayashi [3], Hehl
and his collaborators [4]. Since then, PGT has been studied by many people. Most of them have adopted a model
with nine independent parameters. The physical meaning of those parameters has been examined until now only
in the weak -field approximation [5]. The good choice for parameters and also PGT itself will, of course, have to
be tested eventually through some experiments. However, before doing so we need to know the behavior of strong
Poincare´ gauge fields and therefore to have some exact solutions of PGT with nine independent parameters. But
it is very hard to solve exactly such the full-theory. Thus various models have been proposed and solved by many
authors [6]. In those solutions there seems to exist such ones that the property depends strongly on the structure of
the gauge group and therefore have little dependence on the choice of parameters, i.e., on a peculiarity of the models.
For example, in a few years ago [7] one of the authors has obtained exact solutions (monopole solutions) in a model
where PGT can be actually identified with complex Einstein-Yang=Mills theory. The idea is based on an universal
property which is an extension of ’t Hooft’s original idea [8]: any non-Abelian theory can have a monopole solution
if it has a compact covering group in its static limit. Accordingly, the investigations based on the solutions seem to
give us some universal results.
In this paper we shall re-derive some special solutions of above ones, but in the different method from Ref [7].
For, owing to this method we can more naturally interpret two kinds of integral (vector) constants, ~Q2, ~Q1 as the
“gauge charges” which creat the “Yang-Mills” field and its partner field, respectively. And the magnitude | ~Q2| can be
identified with an electric charge, according to Kalb’s anzatz [9]. On the other hand, our gravitational field is generated
1
by not only the mass M but also two gauge charges ~Q1, ~Q2 through a combination q∗2 = −2(a1 + a3)( ~Q12 − ~Q22).
And the spacetime structures can be classified by the signature of q∗2 as follows: (I) if q∗2 = 0, then the spacetime is
just Schwarzschildian , (II) if q∗2 > 0, Reissner-Nordstro¨mian, and (III) if q∗2 < 0, then Schwarzschildian-like. The
difference between (I) and (III) may, for example, be clarified by considering the correction of the classical Kepler
orbits. The details will be discussed in the forthcoming paper.
By the way, it is well-known in the weak -field approximation that the Poincare´ gauge fields interact with the Dirac
field through only the axial part of the Lorentz gauge fields. In our solutions the Dirac fields are also able to interact
with the gravitational field through the gauge charge q∗2. In fact, in a region ∆ ≡ r2 − 2Mr + q∗2 > 0, our Dirac
equation can be written as [γk∂k+
i
4∆mnkγ
kσmn− 12 i
Q2[a]√
∆
γaγ5+ im]Ψ = 0, where γ
k and σmn are Dirac matrices and
their combinations, respectively. And ∆kmn are Ricci’s rotation coefficients and Q2[a] is an a-component of ~Q2. From
this we can easily see that the Dirac fields can directly interact with “Yang-Mills” field through the gauge charge ~Q2,
and not directly interact with the partner field but only through the gravitational field. This means that the direction
of ~Q1 has no effect on the Dirac fields. And therefore, if we put ~Q1 = 0 we shall be able to consider the behavior of
the Dirac field in the gravitating “pure Yang-Mills” field which is generated by the gauge charge ~Q2 and the mass
M . This is the motivation of this paper. Incidentally, in this case the gravity is a type of the Reissner-Nordstro¨m
spacetime with the gauge charge ~Q2 in place of ordinary charges.
The investigation is done by using the Newman-Penrose formalism, in terms of which the problems on the behavior
of the neutrino waves in Kerr geometry have been discussed mainly by Chandrasekhar [10]. In this paper we are
discussing our problems following to him as similarly as possible. As a result, we find an interesting fact that the
left-handed massless Dirac fields behave in a different manner from the right-handed ones. This can be considered as
to be caused by the direct interaction of Dirac fields with the “pure Yang-Mills” field. Accordingly, the phenomenon
can not happen in the behavior of the neutrino waves in ordinary Reissner-Nordstro¨m geometry.
In the next section some special solutions of PGT-monopoles are derived again in a different way from Ref. [7]. In
Sec. III we consider the equations of massless Dirac fields interacting with our Poincare´ gauge fields in terms of spinor
forms. In Sec. IV we shall investigate the scattering problems of massless Dirac fields by a Reissner-Nordstro¨m type
black-hole with a gauge charge in place of normal charges. And the final section is devoted to conclusions.
II. SOME SPECIAL SOLUTIONS IN PGT
We start with the following Lagrangian for gauge fields [3]:1
Lg = α
T CkmnTCkmn + β V CkV Ck + γ ACkACk + a1AkmnpAkmnp + a2BkmnpBkmnp +
+ a3CkmnpC
kmnp + a4EkmE
km + a5GkmG
km + a6F
2 + aF.
Here TCkmn, · · · and Akmnp, · · · , F are the irreducible components of translational and Lorentz gauge field strengths
which are defined in terms of tetrad bk
µ and Lorentz gauge fields Akmµ as
Ckmn = bnµ Ckmµ = 2bkµ,ν b[mµ bn]ν + 2Ak[mn], (1)
Fkmnp = bn
µbp
ν Fkmµν = 2(Akmν,µ +Akrµ A
r
mν)b[n
µbp]
ν . (2)
And a, α, β, γ and ai(i = 1, 2, · · · , 6) are ten constant parameters and it is well-known that only five of six ai are
independent [11].
In this paper we make slightly more loose choice than in Ref. [7] as follows: α + 23a = β − 23a = γ + 32a = 0 and
4a1 = 3a2 = 2a4 = 24a6, a5 = 2a3. In this choice action integral can be rewritten as
Ig =
∫
d4xbLg =
∫
d4xb(aR+ LF ) (3)
with
LF = a1(AkmnpA
kmnp +
4
3
BkmnpB
kmnp + 2EkmE
km +
1
6
F 2) + a3(CkmnpC
kmnp + 2GkmG
km), (4)
1We here use the same notations as of Ref. [7].
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where R is a Riemann scalar curvature defined by the metric gµν = bkµb
k
ν , and then
1
2a can be plausibly interpreted
as Einstein’s gravitational constant and a1 and a3 only are parameters to be determined by experiments.
From this action (3) we can derive the following complex Einstein-Yang-Mills equations (CEYM):
Gµν = 1
2a
T(L)
µν , (5)
~Fµν ;ν − i ~Aν × ~Fµν = 0, (6)
~F†µν ;ν − i ~Aν × ~F†µν = 0. (7)
Here Gµν is the Einstein’s tensor and T(L)µν is an energy-momentum tensor for the Lorentz gauge field:
T(L)
µν = bk
µbm
ν T(L)
km = bk
µbm
ν (−2 Fpqnk ∂LF
∂Fpqnm
+ ηkm LF ). (8)
And ~Aµ and ~Fµν are a complex field and its strength, respectively, which are made from Akmµ and Fkmµν as follows:
~Aµ = ~vµ + i ~aµ, ~Fµν = ~FP µν + i ~FAµν , (9)
where
A0aµ ≡ v(a)µ → ~vµ,
1
2
ǫabcAbcµ ≡ a(a)µ → ~aµ
F0aµν ≡ FP (a)µν → ~FP µν
1
2
ǫabcFbcµν ≡ FA(a)µν → ~FAµν .
The symbol (;) means the ordinary covariant derivatives with Christoffel connection, and the quantities with † symbol
mean the duals to the corresponding ones.
Now we put
~Aµ = ~βAµ (10)
where ~β is a constant vector in 3D complex space. Then we get
~Fµν = ~β Fµν with Fµν = Aν,µ −Aµ,ν , (11)
and therefore we are led to the complex Einstein-Maxwell equations for the complex field Aµ:
Fµν ;ν = 0, (12a)
F†µν ;ν = 0. (12b)
From these equations it is very easy to find a solution similar to the ordinary Coulomb field. In fact, we can get from
those equations the following exact solution with a complex vector gauge charge ~Q∗(= ~Q1 + i ~Q2):
~Aµ = ~βA0δ0µ =
~Q∗
r
δ0µ, (13)
or
~aµ =
~Q2
r
δ0µ, ~vµ =
~Q1
r
δ0µ. (14)
The energy-momentum tensor of this field is calculated by (8) to be
T(L)
km = diag[
q∗2
r4
,
q∗2
r4
, − q∗
2
r4
,
q∗2
r4
] (15)
with
q∗2 = −2(a1 + a3)( ~Q12 − ~Q22). (16)
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Substituting above results to the Einstein equation (5) and according to the similar procedure to the real one [10],
we can easily get the following spacetime:
ds2 =
∆
r2
(dx0)2 − r
2
∆
(dr)2 − r2 {(dθ)2 + (dφ)2 sin2 θ} in a region of ∆ > 0, (17)
or
ds2 =
4|∆|
r2
dudv − r2 {(dθ)2 + (dφ)2 sin2 θ} in a region of ∆ < 0, (18)
where ∆ = r2 − 2Mr + q∗2 def= (r − r+)(r − r−) with r± =M ±
√
M2 − q∗2.
As seen from the relation between ∆ and r, above spacetime is classified by the value of q∗2: (I) If q∗2 = 0, then
we have just Schwarzschild spacetime. (II) If 0 < q∗2 < M2, then the spacetime is like Reissner-Nordstro¨m (RN
spacetime). (III) If q∗2 < 0, then we get a spacetime having the similar structure to Schwarzschild. The difference
between the cases (I) and (III) may, for example, be clarified by considering the correction of the classical Kepler
orbits. In fact, under post-Newtonian approximation µ≪ 1, λ≪ 1, κ≪ 1, we can find that the case (III) gives the
advance in the perihelion per revolution [12],
δφ ∼ 2π{3µ+ 1
2
κ+ 3(1 +
1
4
e2)λ}, (19)
where µ = M
ℓ
, λ = |q∗
2|
ℓ2
, κ = |q∗
2|
L2
,and ℓ, L and e are in turn the latus rectum, the angular momentum and the
eccentricity of the orbit.
By the way, in the previous paper [7] we saw the fields ~aµ, ~vµ could be interpreted as ”Yang-Mills” field and its
partner field, respectively. Furthermore, according to Kalb [9] the following quantity Fµν was interpreted as the
electromagnetic field tensor:
~aν,µ − ~aµ,ν + ~aµ × ~aν = Fµν ~a0|~a0| . (20)
Following this interpretation the magnitude of the gauge charge | ~Q2| can be identified with an electric charge by which
an electric field Ek = F0k =
| ~Q2|
r2
δ1k is created.
In this paper we take up the case (II) and consider the scattering problems of the massless Dirac fields by the “pure
Yang-Mills” fields, when the Dirac field approaches to the outer event horizon r+ of the R-N type black-hole far from
the outside. To this purpose we choose as ~Q1 = 0, ~Q2 = (0, 0, Q2[3]) and a1 + a3 > 0, and also the tetrad bk
µ as
b0
µ =
(
3r2 − 2Mr + q∗2
2
√
2∆
,
r2 + 2Mr − q∗2
2
√
2r2
, 0, 0
)
, b1
µ =
(
0, 0,
1
r
, 0
)
,
b2
µ =
(
0, 0, 0,
1
r sin θ
)
, b3
µ =
(
r2 + 2Mr − q∗2
2
√
2∆
,
3r2 − 2Mr + q∗2
2
√
2r2
, 0, 0
)
. (21)
III. DIRAC EQUATION
The gauge-invariant Lagrangian for the Dirac fields can be obtained from the original one by means of the replace-
ment of the ordinary derivative Ψ,k by the covariant one DkΨ = bk
µ(Ψ,µ +
i
2AmnµS
mnΨ). Thus action is given
as
IDirac =
∫
d4xb
[
1
2
Ψ¯γkDkΨ− 1
2
DkΨ¯γ
kΨ+ imΨ¯Ψ
]
. (22)
Here γk(k = 0, 1, 2, 3) are Dirac matrices and we shall adopt the representations:
γ0 =
(
0 1
1 0
)
, γi =
(
0 −σi
σi 0
)
, γ5 = iγ
0γ1γ2γ3 =
(
1 0
0 −1
)
, (23)
where σi(i = 1, 2, 3) are Pauli matrices. Six generators S
km are now given in terms of γk as Skm = − 12σkm =
− i4 [γk, γm].
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Applying the variational principle to (22) we can derive the following equation:
[
γk(∇k − 3
4
iACkγ5) + im
]
Ψ = 0. (24)
Here ACk is an axial vector part of the translational gauge field strength: ACk = 13! ǫkmnpCmnp. It should be also
remarked that a new covariant derivative ∇kΨ is introduced here. This is defined in terms of Ricci’s rotation
coefficients ∆kmµ instead of Akmµ in DkΨ as ∇kΨ = bkµ(∂µΨ+ i4∆mnµσmnΨ).
It is convenient for our purpose to resolve above the 4-components Dirac equation (24]) to two 2-components
equations. Using the well-known technique [13] these are given as
∂A˙B(ψL)
B + ΓBCA˙B(ψL)
C − 3
4
iACA˙B(ψL)B +
im√
2
(ψ¯R)A˙ = 0, (25a)
∂A˙B(ψR)
B + ΓBCA˙B(ψR)
C − 3
4
iACA˙B(ψR)B +
im√
2
(ψ¯L)A˙ = 0. (25b)
Here we put
Ψ =
(
ψL
ψR
)
, ∂A˙B = bk
µσkA˙B∂µ,
ACA˙B = bkµσkA˙BACµ, (26)
ΓABC˙D = −
1
2
∆kmµbn
µσkE˙Aσ
m
E˙Bσ
n
C˙D, (27)
where σkA˙B(k = 0, 1, 2, 3) are multiples of identity and Pauli matrices by
1√
2
.
Substituting the results of previous section for above equations (25) and putting the dependency on t and φ as
ei(σˆt+mˆφ) we can get a set of equations
D0f1 + 1√
2
L 1
2
f2 = 0, (28a)
∆(D† 1
2
− i r
∆
Q2[3])f2 −
√
2L† 1
2
f1 = 0, (28b)
D0g2 − 1√
2
L† 1
2
g1 = 0, (28c)
∆(D† 1
2
+ i
r
∆
Q2[3])g1 +
√
2L 1
2
g2 = 0. (28d)
Here we define
f1 = r(ψL)
0, f2 = (ψL)
1, g1 = (ψ¯R)
1˙, g2 = −r(ψ¯R)0˙, (29a)
Dn = ∂r + i σˆr
2
∆
+ 2n
r −M
∆
, D†n = ∂r − i σˆr
2
∆
+ 2n
r −M
∆
, (29b)
Ln = ∂θ + n cot θ + mˆ csc θ, L†n = ∂θ + n cot θ − mˆ csc θ. (29c)
In order to solve the equations (28) we put
f1 = R− 12 (r)S− 12 (θ), f2 = R+ 12 (r)S+ 12 (θ),
g1 = R˜+ 12 (r)S˜− 12 (θ), g2 = R˜− 12 (r)S˜+ 12 (θ). (30)
Then the equations (28a) and (28b) are separated to produce
D0R− 12 = λ1R+ 12 , (31a)
∆[D† 1
2
− i r
∆
Q2[3]]R+ 12 = λ2R− 12 , (31b)
L 1
2
S+ 12
= −
√
2λ1S− 12 , (31c)
L† 1
2
S− 12 =
1√
2
λ2S+ 12
, (31d)
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where λ1 and λ2 are separation constants. Similarly the following equations can be derived from (28c) and (28d):
D0R˜− 12 = λ3R˜+ 12 , (32a)
∆[D† 1
2
+ i
r
∆
Q2[3]]R˜+ 12 = λ4R˜− 12 , (32b)
L 1
2
S˜+ 12
= − 1√
2
λ4S˜− 12 , (32c)
L† 1
2
S˜− 12 =
√
2λ3S˜+ 12 . (32d)
We first consider the angular parts of the equations (31) and (32). Operating L† 1
2
and L 1
2
on (31c) and (31d),
respectively, from the left-hand side we get in turn
L† 1
2
L 1
2
S+ 12
(θ) = −λ1λ2S+ 12 (θ), (33a)
L 1
2
L† 1
2
S− 12 (θ) = −λ1λ2S− 12 (θ). (33b)
In the same way we shall get the following equations from (32c) and (32d) :
L† 1
2
L 1
2
S˜+ 12
(θ) = −λ3λ4S˜+ 12 (θ), (34a)
L 1
2
L† 1
2
S˜− 12 (θ) = −λ3λ4S˜− 12 (θ). (34b)
Replacing θ by π− θ in (33a) and (34a) and using a relation L†n(θ) = −Ln(π− θ), and comparing the results with
(33b) and (34b) we can conclude
S+ 12
(π − θ) = S− 12 (θ), S˜+ 12 (π − θ) = S˜− 12 (θ). (35)
Furthermore, using these relations in (31c) and (32d) and comparing the results with (31d) and (32c) we get the
relations
λ2 = 2λ1, λ4 = 2λ3. (36)
Then the comparison of (33b) and (34b) with an equation satisfied by spin(-1/2)-weighted spherical harmonics:
L 1
2
L† 1
2− 12Yℓm = −(ℓ +
1
2 )
2
− 12Yℓm gives us the results S− 12 = − 12Yℓm with λ1 =
1
2λ2 =
1√
2
(ℓ + 12 ) and S˜− 12 = − 12Yℓm
with λ3 =
1
2λ4 =
1√
2
(ℓ + 12 ).
We are now in a position to consider the radial parts of equations (31) and (32). We first notice the relations
∆
1
2D† 1
2
= D†0∆ 12 and ∆D1 = D0∆. Applying the former to (31b) and putting as
R± 12 =
2
1
4± 14
2
(Z+ ± Z−)∆−( 14± 14 ) exp
[
1
2
i
∫
r
∆
Q2[3]dr
]
(37)
we can derive the following equations from (31a) and (31b):
(
d
dr∗
∓W
)
Z± = iσˆZ∓. (38)
Here we have introduced a new variable r∗ and a new quantity W , which are defined by
r∗ = r +
r+(r+ +
Q2[3]
2σˆ )
r+ − r− ln |r − r+| −
r−(r− +
Q2[3]
2σˆ )
r+ − r− ln |r − r−| (39)
and
W =
(ℓ+ 12 )
∆
1
2
r2
1 +
Q2[3]
2σˆr
. (40)
In the same way we can also get the following equations from (32a) and (32b):
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(
d
dr˜∗
∓ W˜
)
Z˜± = −iσˆZ˜∓. (41)
Here we have also introduced new quantities Z˜± which are defined through
R˜± 12 =
2
1
4± 14
2
(Z˜+ ± Z˜−)∆−( 14± 14 ) exp
[
1
2
i
∫
r
∆
Q2[3]dr
]
, (42)
r˜∗ = r +
r+(r+ − Q2[3]2σˆ )
r+ − r− ln |r − r+| −
r−(r− − Q2[3]2σˆ )
r+ − r− ln |r − r−| (43)
and
W˜ =
(ℓ+ 12 )
∆
1
2
r2
1− Q2[3]2σˆr
. (44)
For later discussion we would like to note here that the gauge charge Q2[3] gives a different contribution to the
left-handed massless Dirac fields from the right-handed ones.
IV. SCATTERING OF DIRAC FIELDS BY A BLACK-HOLE WITH A PGT-GAUGE CHARGE
As stated in final part of section II, we consider here a scattering problem of the massless Dirac fields by a Reissner-
Nordstro¨m type black-hole having a gauge charge Q2[3] and a mass M. However, we shall constrain ourselves to discuss
only such a case that the massless Dirac fields approach to the event horizon r+ of the black-hole far from the outside.
To this purpose we first note a fact that the following two Schro¨dinger equations can be made from (38) and (41):
(
− d
2
dr∗2
+ V±
)
Z± = σˆ2Z± with V± =W 2 ± dW
dr∗
, (45)
(
− d
2
dr˜∗2
+ V˜±
)
Z˜± = σˆ2Z˜± with V˜± = W˜ 2 ± dW˜
dr˜∗
. (46)
From these equations we can get at once the following conserved Wronskians:
d[Z±, Z∗±]
dr∗
= 0,
d[Z˜±, Z˜∗±]
dr˜∗
= 0, (47)
where the Wronskians are defined as
[Z±, Z∗±] = Z±
dZ±∗
dr∗
− Z±∗ dZ±
dr∗
, [Z˜±, Z˜∗±] = Z˜±
dZ˜±∗
dr˜∗
− Z˜±∗ dZ˜±
dr˜∗
. (48)
And also the following relations are obtained using (38) and (41):
Z+
∗Z− + Z−∗Z+ =
1
−iσˆ [Z+, Z
∗
+], Z˜+
∗Z˜− + Z˜−∗Z˜+ =
1
−iσˆ [Z˜+, Z˜
∗
+]. (49)
Before going forward, we must discuss about the conserved current of massless Dirac field. First, it should be
remarked that the Dirac action (22) is invariant under the phase transformation Ψ′ = eiαΨ (α = real constant), so
that we can get a continuity equation
∂µ(bJ
µ) = 0, (50)
where Jµ = bk
µΨ¯γkΨ. Jµ can also be written, using the representation (23) for Dirac gamma matrices, as
Jµ = JL
µ + JR
µ, (51)
where JL
µ = bk
µψL
†σkψL, JRµ = bkµψR†σ¯kψR with σk = {I, σi(i = 1, 2, 3)} and σ¯k = {I,−σi(i = 1, 2, 3)}. Thus
the conserved net current of massless Dirac particles is calculated on account of the spherical symmetry to be
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∂N
∂t
= −
∫ 2π
0
∫ π
0
(JL
r + JR
r)bdθdφ =
iπ
σ
{[Z+, Z∗+] + [Z˜+, Z˜∗+]}, (52)
where the first term of the right-hand side represents the contribution of the left-handed Dirac fields and the second
of the right-handed ones.
Hereafter, we assume Q2[3] < 0. This assumption can be done without the lose of generality, because the change
of sign means only the exchange of a role of the left- and right- handed fields. To go ahead, we further need to
distinguish the following two cases: (1) σˆ > σs and (2) 0 < σˆ < σs, where σs is defined as σs = −Q2[3]2r+ . In (1) both
r∗ and r˜∗ are single-valued functions over all range of r+ < r < ∞ and both potentials V± and V˜± are continuous
and short-range. On the other hand, in (2) r˜∗ is also a single-valued function and the potential V˜± is continuous over
all range of r+ < r < ∞. However, r∗ has a minimum r∗min at r = σsσˆ r+. Therefore r∗ is a double-valued function
over the range r+ < r < ∞ and the potentials V± become singular at r∗min. From this fact we may expect the
existence of the socalled super-radiance which is well-known in a scattering problem of an electromagnetic field by a
Kerr black-hole. However, this being not so can be easily shown in exactly the same way as a case of scattering of
massless Dirac fields by a Kerr black-hole [10].
In this paper we pick up only the case (1) and concretely calculate the reflection and transmission coeffcients for
both left- and right-handed incident massless Dirac fields. In doing so we first remark that the wave functions Z±
(or Z˜± ) give the same reflection and transmission coefficients because of the relations (38) (or (41)). Therefore it is
enough for us to consider only the scatterings by the potentials V+ and V˜+. These potentials tend to decrease whenever
the frequency of incident fields σˆ is increased. (A prototype of these potentials is drawn in Fig.1 and 2.) Accordingly,
we can see, before the calculation, that the reflection coefficients decrease (and the transmission coefficients increase),
in accordance with the increase of the frequencies of incident fields.
The calculations were performed by using the 6th order Runge-Kutta method and putting as ℓ = 12 , M = 1, Q2[3] =−0.675470, h¯= 1, c = 1, q∗ = 0.5 and Einstein’s gravitational constant being unity. The results are summarised in a
table I.
V. SUMMARY AND CONCLUSIONS
In this paper we have adopted a model of Poincare´ gauge theory which can be actually identified with complex
Einstein-Yang=Mills theory. And we have derived again a solution which can be interpreted as the “Yang-Mills”
fields generated by the gauge charge ~Q2 and the spacetime curved by Reissner-Nordstro¨m type black-hole. However,
the solution is special one of more general set of solutions [7] which are derived from the universal idea following to
’tHooft [8]. Accordingly, we can expect that the investigations will give us the qualitative but universal results.
Then we have investigated the behavior of the massless Dirac fields in the external Poincare´ gauge field mentioned
above, namely the scattering problems of massless Dirac fields by the gravitating “Yang-Mills” fields generated by
the gauge charge ~Q2 and the mass M .
The investigation has been done by using the standard spinor techniques and following to Chandrasekhar’s method
[10]. As a result, we have found an interesting fact that the left-handed massless Dirac fields behave in a different
manner from the right-handed ones, owing to the gauge charge Q2[3]. The fact has been also examined concretely
by setting in turn for Q2[3], q∗ and M to −0.675470, 0.5 and 1. The results are summarised in the table I, showing
that more right-handed massless Dirac fields can come near the outer event-horizon of the Reissner-Nordstro¨m type
black-hole than the left-handed ones if Q2[3] < 0.
Although in this paper we have restricted ourselves to a massless mode of Dirac fields, it is an open question whether
the same procedures can be applied to the massive modes or not. This problem should be considered before too long.
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FIG. 1. A potential barrier, surrounding the RN type black-hole (M = 1) with a gauge charge q∗ = 0.5 and
σs = −
Q2[3]
2r+
= 0.18099 for the incidence of massless left-handed Dirac field with ℓ = 0.5 and the frequency σˆ = 0.181987.
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FIG. 2. A potential barrier for the right-handed Dirac field under the same conditions as the left-handed one.
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TABLE I. Reflection coefficients for ℓ = 0.5 massless left- and right-handed Dirac particles incident on a Reissner-Nordstro¨m
black-hole with a gauge charge q∗ = 0.5, σs = −
Q2[3]
2r+
= 0.18099 and a mass M = 1.
σˆ Rleft Rright σˆ Rleft Rright
0.181987 0.97524 0.033468 0.220987 0.94419 0.0094065
0.182987 0.97477 0.032379 0.230987 0.92996 0.0068388
0.183987 0.97427 0.031338 0.240987 0.91178 0.0049839
0.184987 0.97377 0.030319 0.250000 0.89127 0.0037564
0.185987 0.97326 0.029334 0.250987 0.88874 0.0036428
0.186987 0.97274 0.028392 0.260987 0.85994 0.0026686
0.187987 0.97220 0.027471 0.300000 0.67973 0.0008104
0.188987 0.97165 0.026580 0.350000 0.34543 0.0001834
0.189987 0.97109 0.025719 0.400000 0.11622 0.0000430
0.200987 0.96384 0.017949 0.450000 0.03212 0.0000104
0.210987 0.95525 0.012978
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